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Abstract: The chronology of the Inka Empire is poorly resolved, with most scholars utilizing a post hoc 12 

ethnohistoric reconstruction of imperial expansion as a common reference point. Radiocarbon-based 13 

analyses can now accomplish sufficient resolution for meaningful independent estimates of Inka 14 

chronology, however, and it is incumbent upon archaeologists to develop such appraisals. Here we 15 

produce a Bayesian analysis of radiocarbon data from the Upper Loa River area of northern Chile to 16 

estimate the timing of Inka incorporation of this region. In order to accurately associate samples with 17 

Inka rule, only radiocarbon dates from Inka sites without prior occupations are used (n=34), producing a 18 

model for the onset of Inka rule of AD 1401-1437 (95% hpd) with a median date of AD 1420. This 19 

estimate is further used as a point of comparison for understanding diachronic imperial processes in the 20 

region. Site-level models of a variety of site types indicate that the Inka rapidly founded several 21 

administrative/mining bases at the onset, followed by the addition of smaller infrastructure components 22 

during a second pulse of activity near the middle of the 15th century. Date assemblages at the 23 

agricultural sites of Topaín and Paniri also indicate a decline in activity at the former and an increase in 24 

activity at the latter from early on in Inka rule. These results provide a high-resolution data point for 25 

reconstructing Inka imperial chronology, and expanding such studies will be essential to understanding 26 

processes of Inka imperialism at larger scales. 27 

INTRODUCTION 28 

Absolute chronology building is a fundamental strength of archaeological research, however it has 29 

received relatively little attention within investigations of the Inka Empire. Inka chronological references 30 

generally still follow the mid-20th reconstruction developed by Rowe (Rowe 1944; Rowe 1945) based 31 

upon Spanish colonial documents. Discrepancies between this chronological scheme and radiometric 32 

data have become increasingly apparent in recent years, however, particularly in the southern portion 33 

of the Empire (e.g., Williams and D’Altroy 1998; Schiappacasse 1999; D’altroy et al. 2007; Lynch 2012 34 

Cornejo 2014). Despite this disparity, the production of radiocarbon-based chronological revisions has 35 

been hamstrung by the inherent shortcomings of radiocarbon (14C) data, particularly in terms of 36 

accomplishing sufficient precision within the narrow temporal window of the Empire (~AD 1400-1532). 37 

With increased research focus archaeologists can and should establish an independent Inka imperial 38 

chronology to better understand Inka provincial politics and enhance comparisons with other empires.  39 
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While it has infrequently been applied to Inka archaeology, in the last several decades advances in 14C 40 

dating and analysis have progressed sufficiently to build prehistoric chronologies at a high precision. The 41 

widespread availability of improved 14C laboratory measurement techniques, updated calibration 42 

curves, improved sample selection criteria, and custom statistical analysis software have vastly 43 

improved the quality of absolute chronologies possible for archaeologists (Hajdas et al. 2021). Analyses 44 

applying such tools to date assemblages – with an emphasis on statistical methods – have been used to 45 

develop high-precision chronologies for the timing and tempo of colonization of East Polynesia and New 46 

Zealand (Wilmshurst et al. 2011; Bunbury et al. 2022), Early and Dynastic Egypt (Bronk Ramsey et al. 47 

2010; Dee et al. 2013), and the Early Bronze Age transition in the Levant (Regev et al. 2012), among 48 

many other examples.  49 

Even for the Inka Empire, which may have been in operation for as little as a century, statistical analysis 50 

of 14C data assemblages has the potential to provide meaningfully precise chronological information (see 51 

for example Ogburn 2012; Marsh et al. 2017; Puerto and Marsh 2021; Burger et al. 2021; Swift et al. 52 

2022; Valdez and Bettcher 2022a). This ability is further demonstrated in the following research with an 53 

analysis of Inka chronology in the Upper Loa River region of northern Chile’s Atacama Desert, a southern 54 

province of the Inka Empire. The Upper Loa River region offers a particularly good context from which to 55 

estimate the timing of Inka conquest as it contains several sites firmly associated with Inka rule that 56 

have been extensively excavated and have substantial 14C datasets. The methodology employed utilizes 57 

Bayesian analysis of 14C datasets within an OxCal 4.4 platform in order to increase their precision (Bronk 58 

Ramsey 2009a; Bronk Ramsey 2015). As sample context is a major source of concern in such 59 

chronologies (Ogburn 2012; Contreras 2022), we utilize dates only from clear Inka-founded sites without 60 

preceding Late Intermediate Period (LIP) occupations to model the onset of Inka control of the region, 61 

and compare chronologies of other site types against this estimate as a means of investigating 62 

diachronic imperial processes. The aim of both context selection and overall model construction is to 63 

reduce the potential for erroneous or low-precision estimates of the onset of Inka political control of the 64 

Upper Loa River area. 65 

BACKGROUND 66 

The Traditional Chronology and Inka Ethnohistory 67 

Spanish intrusion into South America in the 16th century AD brought into the historical record the Inka 68 

Empire, an indigenous polity that sprawled out from a capital in Cuzco, modern Peru, to form the largest 69 

empire in the pre-Columbian Americas (D’Altroy 2015, p. 2). Despite the Inka’s detailed administrative 70 

practices, they appear to have employed no writing system and kept no multi-year calendar, with oral 71 

histories instead being passed down without attachment to an annualized age (Bauer 1992). Following 72 

Spanish conquest initiated in AD 1532 a variety of chronicles of Inka history were written, often by 73 

European sources utilizing native informants who were unaccustomed to using an accounting of years to 74 

reckon history (see Cobo [1653] 1979; Rowe 1945: 276). While chroniclers retroactively applied calendar 75 

dates to the oral narratives, this resulted in highly contradictory chronologies of the Empire’s founding 76 

and expansion. In reconciling the information into an absolute chronology, John Rowe (Rowe 1944; 77 

Rowe 1945) gave priority to Miguel Cabello de Valboa ([1586] 1951) over the later work of Garcilaso de 78 

la Vega (1609). The analysis overall argues for a beginning of the Empire in just AD 1438, and offers 79 

calendar dates associated with major campaigns of expansion discussed in the chronicles (Figure 1). 80 

Rowe’s reconstruction has been the most widely referenced since its publication and is notable for the 81 
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short timeframe allotted to the imperial era. For consistency amid other chronologically oriented 82 

research (Ogburn 2012; Marsh et al. 2017), this chronological scheme is referred to here as the 83 

“traditional chronology.” 84 

Though widely used, the veracity of the traditional chronology has been debated on purely 85 

ethnohistorical grounds. Julien (2008), for example, used the later discovered Incas Nietos document 86 

(see Rowe 1985) – as well as her own parsing of the same documents used by Rowe – to suggest that 87 

the Ica Valley of southern Peru was actually conquered a full generation earlier than previously thought. 88 

As with Rowe’s original chronology, the analysis relies on judging the accuracy of different colonial 89 

documents and how they should be interpreted. Ogburn (2012) argues that the chronicles are 90 

fundamentally misinterpreting testimonies regarding Inka conquests as being ordered chronologically, 91 

when native sources were actually ordering them geographically. This would render many of the details 92 

of the traditional chronology invalid. Others more generally disregard the ethnohistoric documents as 93 

being wholly unsuited for a literal historical reading, instead suggesting they are akin to mythologies 94 

(e.g., Zuidema 1982; Meyers 2016). These of course are disparate perspectives on Inka ethnohistory, 95 

that range from slight modifications of the traditional chronology to largely disregarding their 96 

chronological information. As the addition of new documentary data is rare, it is difficult to test one 97 

perspective over another; revisions based upon ethnohistoric documentation alone are unlikely for the 98 

foreseeable future. 99 

Radiometric Conflicts with the Traditional Chronology 100 

In recent decades 14C data from Inka contexts has deviated sufficiently from the traditional chronology 101 

for archaeologists to begin discussing the issue. Based upon archaeological investigation of the Cuzco 102 

area, Bauer (1992) revised the appearance of Inka imperial ceramics in the region back to approximately 103 

AD 1400, and this is sometimes used as an approximate start date for the Empire as a whole. Conflicting 104 

provincial data is more commonly discussed and is ubiquitous in the southern provinces. Pärssinen and 105 

Siiriäinen (1997) raised early chronological questions based upon 14C dates from Tiquischullpa in the 106 

Lake Titicaca area, though they suggested that 14th century dates may just reflect arrival of Inka-style 107 

ceramics and not imperial conquest. Date assemblages from Inka sites in southern Bolivia also appear 108 

early (Alconini 2002; Pärssinen 2015; Meyers 2016), with Pärssinen (Pärssinen 2015, p. 280) arguing for 109 

Inka conquest of the Altiplano and southern Bolivia areas in the first half of the 15th century. The 110 

accumulation of data from Bolivia, Argentina, and Chile by the 2000s similarly led D’Altroy and 111 

colleagues (D’Altroy et al. 2007; see also Williams and D’altroy 1998) tentatively to propose Inka 112 

conquest of these areas in the first half of the 15th century instead of post-1471. These references and 113 

many more agree that Inka arrival occurred prior to supposed in the traditional chronology (Berenguer 114 

2007; Santoro et al. 2010; Lynch 2012; Uribe and Sánchez 2016; Valdez and Bettcher 2022b, p. 240–115 

241), though each local chronology is based upon a small number of 14C measurements which are not 116 

given in-depth sampling or statistical considerations. 117 

As 14C and ceramic thermoluminescence (TL) measurements from Inka contexts have accumulated, 118 

attempts have been made to analyze them in aggregate to form broader chronologies. Adamska and 119 

Michecsynski’s (1996) early chronology from Peru is characterized by the large error ranges in 120 

measurements common at the time, but largely matched the traditional chronology. Schiappacasse 121 

soon after (1999) analyzed 14C and TL dates mostly from northern Chile, concluding that while some 122 

measurements are unrealistically old the frequency of such ‘old’ dates necessitated consideration of 123 
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Inka arrival in Chile as early as the 14th century (Schiappacasse 1999, p. 139). Such suggestions have 124 

been a common theme of most analyses. Also focusing on Chile, Cornejo (2014) analyzed 59 14C and 214 125 

TL dates from Inka-associated contexts, parsing the data into different regions. Cornejo ultimately 126 

argued that the cumulative probability curves aggregating the two types of measurements indicated 127 

Inka imposition beginning in AD 1370 in the semi-arid north of Chile (north of modern Santiago) – a full 128 

century earlier than the traditional chronology – , as well as AD 1380 in the Atacama region, AD 1390 in 129 

central Chile (in the region of Santiago), and AD 1410 in Tarapacá.  130 

Several recent studies have found similarly early dates for Inka arrival at what would become their far 131 

southern frontier. Marsh and colleagues (Marsh et al. 2017) evaluated all Inka dates from northwest 132 

Mendoza, Argentina (the southeastern Inka frontier) using Bayesian statistical modeling. This sample 133 

included 26 14C and 19 TL measurements from contexts with Inka ceramics or Inka architecture. The 134 

authors argued that the Inka occupation began between AD 1350-1440, a particularly notable result as 135 

the area is one of the most distant regions conquered yet has a probability distribution skewing mostly 136 

prior to the imperial era is thought to have begun. However, Puerto and Marsh (2021) – utilizing 137 

Bayesian models of 91 absolute dates – found a similar  beginning of Inka imposition in central Chile by 138 

the late 14th century, as did Swift and colleagues’  (Swift et al. 2022, p. 1229–1232) Bayesian modeling of 139 

a multi-component cemetery at Estadio de Quillota in the same region. The latter cemetery analysis 140 

centers upon eight dated burials of human bone collagen from ‘Late Period contexts’, based upon the 141 

presence of local ceramic traditions with Inka stylistic influences. 142 

While many extant studies point to a late 14th century Inka arrival throughout even the furthest 143 

southern reaches of the Empire, there are reasons to treat these results with some caution. One 144 

significant factor is the use of TL dates in these analyses, which appear to skew estimates toward older 145 

ages. At issue here is both what an Inka-associated ceramic can be assumed to reflect in terms of 146 

exchange or stylistic influence as opposed to conquest (see Pärssinen and Siiriäinen 1997; Santoro et al. 147 

2010), as well as an apparent tendency toward aberrant dates from TL assemblages in the study area. 148 

Marsh and colleagues (Marsh et al. 2021) went on to study the accuracy of southern Andean TL 149 

measurements using different techniques in comparison to associated 14C dates  and concluded that, 150 

“…luminescence dates are not reliable enough for constructing or revising cultural chronologies” (Marsh 151 

et al. 2021, p. 1495). Analyses of Argentinian data excluding TL dates have offered more moderate 152 

refinements of Inka conquest (García 2021; García et al. 2021; Ziółkowski et al. 2022), though these also 153 

rely on low-resolution measurements and in some circumstances utilize sample grading criteria that may 154 

be difficult to standardize.  155 

Overall, protocols for screening radiometric dates against quality criteria and eliminating those found 156 

deficient from further analysis – sometimes termed “chronometric hygiene” (Spriggs 1989) – are in their 157 

early stages in Inka chronological studies. Such protocols have often been discussed by archaeologists 158 

seeking to determine the age of past island colonization events (e.g., Fitzpatrick 2006; Rieth 2007; 159 

Athens et al. 2014; Dye 2015; Napolitano et al. 2019). Most of these methods are designed to control for 160 

issues of inbuilt age and provenience, frequently screening out well over half of published dates. 161 

Problematically, as absolute chronology has been of minor importance in Inka studies, producing 162 

radiometric data in accordance with these methodologies has not become standard procedure. Applying 163 

some of the common protocols, such as dating only short-lived plant species or terrestrial animal bone 164 

identified to taxon with thoroughly published provenience information (e.g., Wilmshurst et al. 2011), for 165 

example, could eliminate almost the entire corpus of published dates for many Inka sub-regions. 166 
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Ogburn’s (2012) analysis of a single Inka military outpost in southern Ecuador (refined in Marsh et al. 167 

2017) is one Inka chronological model largely unaffected by problems of chronometric hygiene. The 168 

analysis focuses upon a sample of seven relatively precise 14C dates to build a Bayesian phase model of 169 

the Inka outpost of Chamical, a structure clearly associated with the advance of the Inka army and built 170 

atop previously unoccupied land. Endemic problems of stratigraphic intermixing with earlier occupations 171 

are altogether avoided, and the author concludes that Inka occupation at Chamical likely began just 10-172 

20 years prior (~ AD 1445) to the dates indicated in the short chronology (updated calibrations by 173 

Ancapichún et al.  2022 and Ziółkowski et al. 2022 place this event even closer to the traditional 174 

chronology). Similar in-depth radiocarbon chronologies of individual Inka-founded sites have also been 175 

done for the royal estate of Machu Picchu in the Urubamba area as well as the provincial center of 176 

Tambo Viejo on the Peruvian coast. These assemblages demonstrate convincingly that Machu Picchu 177 

and nearby sites were already in use by the Inka in the first half of the 14th century (Ziółkowski et al. 178 

2021; Burger et al. 2021; Ziółkowski et al. 2022), and that Tambo Viejo was also likely founded much 179 

earlier in the 1400s than allowed by the traditional chronology (Valdez and Bettcher 2022b, p. 24). 180 

Expanded studies using similar methodologies may provide an economical and reliable way to chart 181 

imperial expansion and cross-check past estimates in future research. 182 

The Upper Loa River Region Under Inka Rule 183 

In the present work we focus upon Inka chronology of the Upper Loa River area of northern Chile’s 184 

Atacama Desert. The Atacama is characterized by hyper-aridity, with populations during the Late 185 

Intermediate Period (LIP, ~AD 1000-1400) concentrated in small zones with reliable sources of surface 186 

water and pasturelands such as the high-elevation Upper Loa River region and the Salar de Atacama 187 

oases (Figure 2). Like other Andean regions (Covey 2008), the LIP in the Atacama shows a shift in 188 

settlement patterns from dispersed hamlets to agglutinated villages placed in elevated locations 189 

(Aldunate and Castro 1981; Urbina 2010). This change was concomitant with the expansion of irrigated 190 

agricultural systems that canalized spring discharge and terraced slopes along surface waterways (Adán 191 

and Uribe 2005). Camelid pastoralism was essential for subsistence production, as well as the transport 192 

of goods across interregional trade nodes (Núñez and Dillehay 1979; Berenguer 2004).   193 

Colonial documents for the area are very few until the 17th century (Martínez 1998), however 194 

archaeological signatures of Inka rule are abundant (Salazar et al. 2022). In the southern Andes in 195 

general the scale of Inka infrastructure is smaller than in the central Andes, reflecting an adaptation to 196 

the size of indigenous populations and not necessarily a lack of imperial interest in direct rule (Williams 197 

et al. 2009; Santoro et al. 2010). In the Upper Loa River at least two branches of the Inka imperial road 198 

system and attendant way stations were extended through the region (Castro et al. 2004; Berenguer et 199 

al. 2005), local sacred peaks were built upon with Inka shrines (Ibacache et al. 2016), and programs for 200 

expanding agricultural production and greenstone (copper minerals and turquoise) extraction were 201 

instituted (Uribe et al. 2002; Adán and Uribe 2005; Salazar 2008; Salazar, Berenguer, et al. 2013; 202 

Berenguer and Salazar 2017). These activities were orchestrated from several administrative centers, of 203 

which the mixed Inka-local settlement of Turi at 4 hectares was the largest and likely of regional 204 

importance (Raffino 1981; Castro et al. 1993; Uribe 1999; Aldunate et al. 2003; Berenguer and Salazar 205 

2017). The site contains a large formal plaza, adobe kallanka, and megalithic perimetral wall that may be 206 

considered political monumental architecture (Castro and Cornejo 1990; Castro et al. 1993; Gallardo et 207 

al. 1995; Cornejo 1999). 208 
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Other administrative bases, such as Miño 1, Miño 2, Cerro Colorado, and Cerro Verde were built by the 209 

Inka upon unoccupied land (Berenguer 2007; Salazar et al. 2022). These are termed here as ‘Inka-210 

founded imperial sites’, which were typically placed to administer nearby greenstone mining operations. 211 

These are characterized by formal Inka architecture such as kallanka administrative buildings, ushnu 212 

ceremonial platforms, and kancha or plaza spaces used for state ritual and hospitality (Adán 1999; Adán 213 

and Uribe 2005; Uribe and Urbina 2009; Salazar, Berenguer, et al. 2013; Berenguer and Salazar 2017; 214 

Salazar et al. 2022). Several pre-existing local population centers, such as Lasana and Chiu Chiu, 215 

continued in operation during Inka rule and presumably provided labor and expertise in local mining 216 

operations (Berenguer 2007). Many additional sites have been chronologically less resolved due to lack 217 

of research but perhaps can be linked to Inka activities in various ways. These include the large irrigated 218 

agricultural systems at Toconce, Topaín, and Paniri, miscellaneous mining infrastructure, mountain 219 

shrines lacking culturally distinctive architecture, and llama caravan trails among other examples (Adán 220 

and Uribe 2005; Parcero-Oubiña et al. 2017).  221 

According to the traditional chronology the Atacama area is estimated to have been subdued via a 222 

military campaign through Bolivia and Chile by Pachacuti’s son, Topa Inka, after his accession to the 223 

throne ca. AD 1471 or 1473 (Rowe 1945: 271; see Figure 1). Formal analyses of Inka chronology covering 224 

data from the Loa were done in 1999 (Schiappacasse 1999) and 2014 (Cornejo 2014) suggesting earlier 225 

imperial expansion into the Atacama. However, since this time updated calibration curves have been 226 

released, statistical software has become more advanced, and additional 14C data has become available 227 

from a variety of site types in the region. 228 

METHODS AND MODELS 229 

In order to build a chronological model of Inka rule in the Upper Loa 14C dates from Inka contexts were 230 

screened against a simple “hygiene” protocol and Bayesian modeled within OxCal (Bronk Ramsey 1995; 231 

Bronk Ramsey 2009a). Radiocarbon measurements are compared against a dendrochronologically-based 232 

calibration curve and expressed as 68% or 95% highest posterior density (hpd) ranges that individually 233 

tend to have low resolution (Bronk Ramsey et al. 2010). Applying Bayes’ theorem allows for the 234 

incorporation of prior information into the calibration process – such as the stratigraphic ordering of  235 

multiple measurements or known calendar dates of site abandonment – and the calculation of refined 236 

posterior probability distributions (Bronk Ramsey 2015). Apt incorporation of archaeological context can 237 

greatly increase the precision of posterior probability distributions and estimate the absolute timing of 238 

events that are not directly measured, such as the founding or abandonment of an archaeological site or 239 

the transition between archaeological phases (Dee et al. 2013).   240 

The primary sample screening method employed is based on the perception that continuously occupied 241 

LIP-Inka sites are poorly suited to dating the onset of Inka rule (Ogburn 2012). These sites tend to have 242 

‘palimpsest’ strata bridging the LIP and Inka time periods (e.g., Greco and Otero 2016), residual carbon 243 

or intrusive Inka ceramics are likely to impact estimates, and if the initial appearance of an Inka period 244 

ceramic component is accurately dated this does not clearly equate to Inka rule. To mitigate these issues 245 

in building chronological models, available dates were simply screened for provenience from clear Inka-246 

founded sites – that is clear Inka government contexts such as imperial infrastructure or administrative 247 

sites not built atop or within an LIP occupation – with a high bar for any exceptions. Capacocha sacrificial 248 

offerings, building materials for Inka buildings installed in LIP sites (e.g., mortar or adobe inclusions), or 249 

organic materials found in such sites that are in themselves closely associated with Inka governance 250 
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(e.g., khipu) are a few examples of potential such exceptions. The protocol largely uses the founding of 251 

imperial sites with clear Inka architecture as a proxy for the onset of Inka rule. The resulting dataset for 252 

the Upper Loa consists of 34 14C measurements. Additional sorting criteria, such as problematic or 253 

‘outlier’ dates, were mostly identified and addressed within OxCal, though in some instances (described 254 

below) particularly low-precision dates were simply dismissed for their poor information potential. 255 

Bayesian modeling was executed within OxCal 4.4 utilizing the SHCal 20 calibration curve for the 256 

southern hemisphere (Hogg et al. 2020). Posterior probabilities (modeled date ranges) and associated 257 

modeled mean and median dates of these distributions are italicized in the text, and all dates used to 258 

model the onset of Inka rule are reproduced in tables. Median calendar dates of hpd ranges are 259 

frequently referenced to facilitate comparison between models, however it is important to keep in mind 260 

that these dates represent only approximations of  larger probabilistic distributions, each of which vary 261 

in terms of the strength of their underlying data. Alternative models are presented in some cases in 262 

order to gauge the impact of different model priors upon results, and additional models (not from clear 263 

Inka-founded sites) are produced in order to inform relevant diachronic patterns. All models ran 264 

successfully with acceptable agreement indices, and the complete model code employed is included as 265 

supplementary data.  266 

MODELING INKA CONQUEST OF THE UPPER LOA RIVER REGION 267 

The 14C -dataset from Inka imperial sites without immediately preceding occupations currently consists 268 

of 34 measurements from four sites (Table 1). The assemblage comes from the administrative centers of 269 

Miño 1 (4 dates) and Miño 2 (12 dates), the mining center of Inkawasi Abra within the El Abra 270 

constellation of mining sites (14 dates), and Incaguasi Loa LR-1, a way station built along the Inka Road 271 

(4 dates). Note that one date from an organic inclusion of the adobe bricks of the kallanka at Turi also 272 

meets our context criteria, however was excluded from our models as the measurement has an 273 

exceedingly high error range of ± 150 and the author suspected contamination (Aldunate 1993, p. 67).     274 
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Table 1. All Dates from Inka Founded Sites or Inka Building Materials in Local Sites 275 

Site Laboratory ID Date ± Material Reference 

Inkawasi Abra D-AMS 014916 670 29 Charcoal Salazar et al. 2022 

Inkawasi Abra D-AMS 014915 655 24 Charcoal Salazar et al. 2022 

Inkawasi Abra D-AMS 018352 524 23 Charcoal Salazar et al. 2022 

Inkawasi Abra Beta 166438 510 40 Charcoal Salazar 2008 

Inkawasi Abra D-AMS 014917 494 23 Charcoal Salazar et al. 2022 

Inkawasi Abra Beta 166437 440 60 Charcoal Salazar 2008 

Inkawasi Abra D-AMS 014902 354 23 Charcoal Salazar et al. 2022 

Inkawasi Abra D-AMS 010135 344 22 Charcoal Salazar et al. 2022 

Inkawasi Abra Beta 330069 340 30 Charcoal Salazar, Berenguer, and Vega 2013 

Inkawasi Abra D-AMS 008360 340 28 Chañar seed Salazar et al. 2022 

Inkawasi Abra D-AMS 014903 325 28 Charcoal Salazar et al. 2022 

Inkawasi Abra D-AMS 018353 323 20 Charcoal Salazar et al. 2022 

Inkawasi Abra Beta 330067 320 30 Camelid bone Salazar, Berenguer, and Vega 2013 

Inkawasi Abra Beta 113507 290 50 Charcoal Núñez 1999 

Miño 1 Beta 343658 430 30 Charcoal Berenguer, Sanhueza, and Cáceres 2011 

Miño 1 Beta 343657 480 30 Charcoal Berenguer, Sanhueza, and Cáceres  2011 

Miño 1 Beta 343659 550 30 Charcoal Berenguer, Sanhueza, and Cáceres  2011 

Miño 1 Beta 343655 500 30 Charcoal Berenguer, Sanhueza, and Cáceres  2011 

Miño 2 Beta 343661 550 30 Charcoal Salazar, Berenguer and Vega 2013 

Miño 2 Beta 291616 520 40 Charcoal Berenguer 2007 

Miño 2 Beta 291621 520 30 Charcoal Berenguer 2007 

Miño 2 Beta 291618 500 40 Charcoal Berenguer 2007 

Miño 2 Beta 291622 490 40 Charcoal Berenguer 2007 

Miño 2 Beta 343660 490 30 Charcoal Salazar, Berenguer and Vega 2013 

Miño 2 Beta 291617 480 40 Charcoal Berenguer 2007 

Miño 2 Beta 203030 460 50 Charcoal Berenguer 2007 

Miño 2 Beta 291619 400 30 Charcoal Berenguer 2007 

Miño 2 Beta 203028 390 40 Charcoal Berenguer 2007 

Miño 2 Beta 291620 360 30 Charcoal Berenguer 2007 

Miño 2 Beta 343662 330 30 Charcoal Salazar, Berenguer and Vega 2013 

Incaguasi Loa LR-1 Beta 178492 460 60 Charcoal Ibacache et al. 2016 

Incaguasi Loa LR-1 Beta 178491 450 50 Charcoal Berenguer and Salazar 2017 

Incaguasi Loa LR-1 Beta 300556 430 40 Charcoal Ibacache et al. 2016 

Incaguasi Loa LR-1 Beta 343718 390 40 Charcoal Berenguer and Salazar 2017 

*Turi *Beta 44457 860 150 Organic adobe inclusion Aldunate 1993 

Shaded = Identified as outlier, * =  meets context criteria but excluded from models due to low precision 276 
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A single-phase model of all dates from the Inka imperial sites without evidence for preceding LIP 277 

occupations was first conducted using a General Outlier analysis in order to identify anomalous age 278 

measurements (Bronk Ramsey 2009b). The only a priori archaeological information in such a model is 279 

that all dates come from the same archaeological phase and thus should reflect a degree of internal 280 

cogency in their age distributions, and all measurements have an equal (5%) probability of being 281 

statistical outliers. The analysis identified the two oldest dates (DAMS 104915/014916), both from 282 

Inkawasi Abra, as significant outliers relative to the rest of the assemblage (18% and 20% probability, 283 

respectively). These samples could feasibly date an early occupation with a reversed portion of the 284 

calibration curve skewing their hpd ranges, however more sample measurements close to their ages 285 

would be needed to establish this. Currently their probability distributions significantly predate an 286 

otherwise cohesive assemblage, suggesting that inaccurate measurement, an old wood issue, or other 287 

unknown sources of error are more likely to blame. These statistical outliers were removed and the 288 

model was re-run (following Bronk Ramsey 2009b: 1024), with the remaining group of 32 dates 289 

constituting the effective sample for estimating Inka conquest (Figure 3). In precise terms the ‘start’ 290 

boundary for the resulting phase model is a chronological estimate for the first occupation or founding 291 

of these sites, however this metric is used here as a proxy for the onset of Inka rule. The results place 292 

the start of this event between AD 1411-1430 (68% hpd; median AD 1420) or AD 1401-1437 (95% hpd 293 

range). 294 

The model output provides one of the most precise 14C-based estimates of Inka annexation available, 295 

and several different model iterations were run with different inputs in order to evaluate the impact of 296 

different parameters on the results (Table 2). Leaving the two excluded outliers in the model pushes 297 

back the start estimate drastically, to a median start estimate of AD 1386, demonstrating the large 298 

impact a small number of outlier dates can have on model estimates. Charcoal Models were also 299 

substituted for the General Outlier model. While General Outlier models generally assign every sample 300 

an equal 5% probability of being an outlier, a Charcoal Model assumes that samples identified simply as 301 

‘charcoal’ or ‘wood’ (as opposed to a specific short-lived plant) have increased old wood liability and 302 

biases their posterior distributions towards younger ages (Dee and Ramsey 2014). Applying a Charcoal 303 

Model to the sample with outliers included essentially interprets the outliers as having significant inbuilt 304 

age and moves the model to a median date of AD 1413. A version excluding the general outliers and 305 

applying a Charcoal Model to the 32-date effective sample tightens the 68% hpd range to AD 1414-1431 306 

with a median date of 1422. We interpret the close coherence of the latter Charcoal Model with our 307 

primary model as an indication that inbuilt age is of little impact to our effective sample but may be a 308 

significant factor for the identified outliers. In interpretations we utilize our results with general outliers 309 

removed and no charcoal model applied as it eliminates errant samples from skewing results but 310 

otherwise makes fewer assumptions regarding sample deposition. 311 

Selection of calibration curve is also an important factor in some areas of the Andes as issues of inter-312 

hemispheric air mixing could impact 14C measurements to unclear degrees (Ogburn 2012; Marsh et al. 313 

2018; see also Contreras 2022). Since the discovery that atmospheric 14C cycling differs between 314 

hemispheres custom southern hemisphere calibration curves have been constructed and updated with 315 

new data (e.g., McCormac et al. 2002; Hogg et al. 2013). In the absence of site-specific atmospheric 316 

modeling (e.g., Ancapichún et al. 2022), the Loa area’s position south of the Intertropical Convergence 317 

Zone (ITCZ) as usually mapped makes the SHCal20 curve the appropriate choice (Hogg et al. 2020, p. 318 

773), and the area does not show the tropical climate pattern in particular need of additional data 319 
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(Marsh et al. 2018). For heuristic purposes, applying a mix of the SHCal20 curve and IntCal20 curve for 320 

the northern hemisphere, which has been recommended for areas within the ITCZ (Marsh et al. 2018; 321 

Hogg et al. 2020), would shift model results backwards to a median date of AD 1410. Ancapichún and 322 

colleagues’ (Ancapichún et al. 2022) atmospheric modeling also found complex variability in air parcel 323 

mixing that does not correspond to the ITCZ geographic limit. To better gauge the scope of potential 324 

statistical impacts unique air parcel movement could create a model utilizing only the IntCal20 curve 325 

was also run, but this revised the median date to just AD 1405. Based upon current trends if updated 326 

atmospheric maps were to unexpectedly impact the project area, they appear unlikely to shift model 327 

results more than about 10 to 15  years. 328 

Table 2. Modeled dates for the start of the Inka Phase in the Upper Loa. The shaded row is the authors’ 329 

primary interpretive model with results from slightly different inputs also displayed.  330 

Model Parameter 68% hpd range 95% hpd range Median Mean *Amodel 

Effective Sample 1411 - 1430 1401 - 1437 1420 1419 144.7 
Charcoal Model – 
Effective Sample 

1414 - 1431 1401 - 1439 1422 1421 137.8 

Charcoal Model – 
Outliers Included 

1397 - 1432 1376 - 1440 1413 1410 121.9 

Outliers Included 1372 - 1397 1356 - 1430 1386 1387 110.8 
Effective Sample – 

Mixed Curve 
(IntCal20/SHCal20) 

1401 - 1421 1390 - 1430 1410 1410 - 

Effective Sample –  
(IntCal20) 

1397-1414 1388-1420 1405 1405 - 

 Shaded = authors’ primary interpretive model; *OxCal Agreement Index measuring model cogency 331 

Inka-Founded Site Individual Chronologies 332 

Disaggregating the 32-date effective sample by site allows for some detail to be observed regarding the 333 

imperial process. In producing an overlapping phase model in which dates from each site are given their 334 

own ‘phase’ within the larger Inka phase chronological models were produced for each individual Inka 335 

installation. Below a brief overview of the context of each of these sites is provided in conjunction with 336 

their modeled founding dates. Results at the 95% hpd range are particularly broad for such site-level 337 

models with smaller sample sizes, and estimates are thus frequently discussed at the 68% hpd range in 338 

order to facilitate comparison, however it should nonetheless be noted that this hpd range is 339 

substantially lower in statistical confidence. 340 

Miño 1 and Miño 2 are located in the northern reaches of the study area, near the headwaters of the 341 

Loa River. The sites consist of approximately 36 structures each, separated by about 500 m, and they 342 

likely served complementary functions (Berenguer et al. 2005; Berenguer 2007; Uribe and Urbina 2009). 343 

The sites include formal plazas and kallankas (Berenguer 2007). Similar to the administrative base of 344 

Cerro Colorado to the south, the area is agriculturally unproductive and the centers appear built to carry 345 

out state business and ceremonies linked to the Inka road and nearby mining operations (Varela 1999; 346 

Berenguer 2007; Salazar, Berenguer, et al. 2013). With 12 relatively high precision 14C dates, Miño 2 is 347 

the better dated of the two sites and currently among the better dated single-occupation Inka provincial 348 

sites in the empire. The model provides a founding estimate for the site between AD 1405-1435 (68% 349 

hpd; median date AD 1419). Miño 1 has just four dates, however all are relatively precise and consistent 350 

providing a founding estimate of AD 1405-1446 (68% hpd; median date 1421). Considering the proximity 351 
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of the Miño locales it would not be surprising if they were constructed simultaneously, explaining their 352 

close agreement in founding date estimates.  353 

Inkawasi Abra is a mining camp built during Inka times to house miners and associated workers 354 

extracting turquoise and chrysocolla from a nearby mine (Salazar, Borie, et al. 2013; Salazar et al. 2022). 355 

The site is located 100 km to the south of the Miño sites and, unlike those, is more than 25 km to the 356 

west of one of the main Inka Roads in Atacamenian territory (Berenguer et al. 2005). The site is 357 

connected to the Inka road and larger administrative centers to the east via llama caravan trails, though 358 

the exact route is yet to be determined (Garrido and Salazar 2017). The site shows clear Inka building 359 

techniques, a formal plaza, and artifacts suggestive of Inka commensal politics (Salazar, Borie, et al. 360 

2013). The assemblage of 12 radiocarbon dates (not including two outliers) gives a founding estimate of 361 

AD 1405-1440 (68% hpd; median date 1420). 362 

Lastly, Incaguasi Loa LR-1 is an arrangement of 16 structures situated above the Loa River, at a 363 

crossroads between the Inka Road running north-south and a passage or ‘bajada’ down into the steep-364 

walled river canyon to the east. The installation is thought to have served a role as a service station of 365 

sorts for llama caravans traveling the Inka Road (Berenguer et al. 2005; Berenguer 2007). The site layout 366 

was changed through later historic uses but still shows clear Inka architectural signatures, and 367 

excavations confirmed its founding during the Inka Period (Berenguer 2007). While the available 368 

assemblage consists of just four dates of low precision, the samples come from basal occupation layers 369 

and are consistent enough to provide an initial estimate of site founding. The modeled estimate ranges 370 

from  AD 1413-1493 (66.8% hpd) with a median date of 1456. The model is impacted by low resolution 371 

and reversals in the calibration curve, pushing the ranges of dates that likely belong to the 15th century 372 

into the 17th century. In a test limiting founding estimates to dates prior to 1550 (18 years after the 373 

onset of Spanish conquest), the median date estimate and 68% hpd range change little, however, 374 

suggesting that a mid-15th century founding of the site is the most likely scenario. 375 

Table 3. Inka Phase and Individual Inka Site Founding Estimates from Overlapping Phase Model 376 

Site 68% hpd range 95% hpd range Median Mean 
Inka Phase Start 1411 - 1430 1401 - 1437 1420 1419 
Inkawasi Abra 1405 - 1440 1364 - 1449 1420 1415 

Miño 1 1405 - 1446 1337 - 1454 1421 1410 
Miño 2 1405 - 1435 1383 - 1445 1419 1416 

Incaguasi Loa LR-1 1413 - 1493*(66.8%) 1319 - 1615 1456 1456 
Incaguasi Loa LR-1 

(restricted to before 1550) 
1429-1489 1332-1550 1455 1443 

 377 

The overlapping phase model shows very consistent estimates for the founding of Miño 1, Miño 2, and 378 

Inkawasi Abra (Table 3). Each 68% hpd range lies between AD 1405 and AD 1435-1446, with median 379 

dates between AD 1419 and AD 1421. This suggests that these larger administrative bases and mining 380 

camp were all built within a short time span, possibly in a coordinated expansion of administrative and 381 

mining activities in the region, with median start estimates centered around AD 1420. The assemblage 382 

for Incaguasi Loa LR-1, on the other hand, has lower resolution but skews generally younger than the 383 

other sites, indicating that this smaller way station along the Inka Road was added by the Inka some 384 
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decades later, perhaps reflecting the development of an increasingly thorough infrastructure apparatus 385 

over time. 386 

COMPARING OTHER LOA SITE CHRONOLOGIES TO THE ERA OF INKA RULE  387 

Our chronological model leverages dates from Inka-founded sites into a high-resolution estimate for the 388 

onset of Inka rule in the Upper Loa of ca. AD 1420 (68% hpd cal AD 1411-1430; 95% hpd 1401-1437). 389 

Many sites are not Inka planned, or not clearly so based upon preserved architecture, but determining 390 

their patterns of use may still be relevant to understanding Inka imperial processes. Here we use our 391 

estimate for the onset of Inka rule as a point of comparison for proposing a new understanding of 392 

several of these sites in the Upper Loa area and their relation to Inka rule. Currently available 14C data 393 

make this worthwhile for two clusters of sites: additional mining infrastructure within the El Abra site 394 

constellation and the agricultural/residential sites of Topaín and Paniri in the Upper Rio Salado (Table 4).  395 

The El Abra Site Constellation 396 

The El Abra area is an extensive district of prehistoric greenstone mining activity expanded greatly 397 

during Inka rule (Salazar 2008; Salazar, Borie, et al. 2013; Salazar et al. 2022). In addition to Inkawasi 398 

Abra, discussed previously, the sites designated AB 44 and AB 22/39 have sufficient 14C date 399 

assemblages to provide initial assessments of site founding. AB 44 (5 dates) is interpreted as a satellite 400 

camp or control post along the caravan trail connecting the El Abra area to the Loa River zone (Salazar 401 

2008; Garrido and Salazar 2017). AB 22/39 (5 dates) is an open cast mining area with several pits, 402 

mineshafts and quarries spread over 3000 m2 (Núñez 1999; Salazar 2008; Salazar, Berenguer, et al. 403 

2013).  404 

In these analyses no assumptions were made regarding the relationship between sites; dates from each 405 

site were simply aggregated into their own individual single-phase models. General outlier analysis was 406 

executed on each, and the results presented below are from models re-run with the two identified 407 

outliers excluded (Beta 141878 from AB 44 and Beta 147523 from AB 22/39). Neither site shows any 408 

indication of a historic occupation, and both were given arbitrary termini ante quem of 1590, as the 409 

reversal in the calibration curve would otherwise disperse these dates inaccurately well into the historic 410 

era.  411 

Model results for AB 44 and AB 22/39 both show construction dates likely postdating the pulse of 412 

construction that built Inkawasi Abra and the Miño sites ca. AD 1420. AB 44’s modeled founding 413 

estimate is AD 1427-1487 (68% hpd; median date 1453), and AB 22/39’s is AD 1438-1483 (68% hpd; 414 

median date 1449). These models are not as well resolved as those for the clear Inka sites discussed 415 

previously, which contain larger datasets, but preliminarily indicate that the AB 44 control post or 416 

satellite camp and the AB 22/39 open cast mine were added some decades after initial Inka conquest, 417 

perhaps in the same pulse of building that saw the construction of Incaguasi Loa LR-1 near the middle of 418 

the 15th century. This possibility is interesting considering that both of these sites are part of the same 419 

route connecting the El Abra mining area to the villages of Lasana, Chiu-Chiu, and beyond. Some details 420 

of the archaeological context of AB 22/39 should be noted here, however. The wooden hammer handles 421 

dated for the site come from mining tailings. Slightly smaller, earlier, mining tailings have been 422 

documented at the site but have not yet produced organic material for dating. Thus, in the case of AB-423 

22/39 the Bayesian model may technically be more reflective of the timing of site consolidation rather 424 

than founding. 425 
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Table 4. 14C dates used in additional site-level models. Shaded rows indicate samples identified as 426 

outliers in site-level General Outlier analysis and removed from the final model. *Indicates 427 

measurement removed due to apparent systematic bias in bulk sediment samples.  428 

Site Lab ID Date ± Material Reference 
AB 22/39 Beta–147523 640 80 Charcoal Salazar 2008 

AB 22/39 Beta–339961 450 30 
Fragment of 

wooden artifact 
This publication 

AB 22/39 Beta–339960 440 30 
Fragment of 

hammer handle 
This publication 

AB 22/39 Beta–339962 410 30 
Fragment of 

hammer handle 
This publication 

AB 22/39 Beta–300551 380 30 Charcoal Salazar et al 2013 

AB 44 Beta 141878 1130 110 Charcoal Corrales 2017 

AB 44 Beta 141876 460 40 Charcoal Corrales 2017 

AB 44 Beta 141875 420 60 Charcoal Corrales 2017 

AB 44 Beta 141874 420 50 Charcoal Corrales 2017 

AB 44 Beta 141877 360 50 Charcoal Corrales 2017 

Topaín R1 OS-114473 290 20 Charcoal Parcero-Oubiña et al. 2017 

*Topaín R1 Beta-404776 1200 30 Organic matter Parcero-Oubiña et al. 2017 

*Topaín R1 Beta-404777 1030 30 Organic matter Parcero-Oubiña et al. 2017 

*Topaín R2 Beta-404778 1130 30 Organic matter Parcero-Oubiña et al. 2017 

Topaín Cerro OS-114608 1120 30 Charcoal Parcero-Oubiña et al. 2017 

Topaín Settlement DAMS 17724 923 14 Charcoal de Porras et al. 2021 

Topaín Settlement UGAMS 22949 810 25 Charcoal de Porras et al. 2021 

Topaín Settlement UGAMS 22950 670 25 Charcoal de Porras et al. 2021 

Topaín R1 OS-114480 670 20 Charcoal Parcero-Oubiña et al. 2017 

Topaín Settlement Beta-387477 620 30 Charcoal Parcero-Oubiña et al. 2017 

Topaín Settlement DAMS 17718 600 22 Charcoal de Porras et al. 2021 

Topaín R1 OS-114484 680 20 Charcoal Parcero-Oubiña et al. 2017 

Topaín R1 OS-114481 520 20 Charcoal Parcero-Oubiña et al. 2017 

Topaín R2 OS-114477 900 20 Charcoal Parcero-Oubiña et al. 2017 

Topaín R2 UGAMS-12 670 20 Charcoal Parcero-Oubiña et al. 2017 

Topaín R2 OS-114472 615 20 Charcoal Parcero-Oubiña et al. 2017 

Topaín R2 OS-114609 550 20 Charcoal Parcero-Oubiña et al. 2017 

Topaín R2 Beta-451856 510 30 Charcoal Sandor et al. 2021 

Paniri Settlement OS-114478 600 20 Charcoal Parcero-Oubiña et al. 2017 

Paniri Settlement OS-114476 490 20 Charcoal Parcero-Oubiña et al. 2017 

Paniri Settlement UGAMS 22946 420 25 Charcoal de Porras et al. 2021 

Paniri Settlement Beta-387476 340 30 Charcoal Parcero-Oubiña et al. 2017 

Paniri Settlement UGAMS 22948 170 20 Charcoal de Porras et al. 2021 

Paniri Fields DAMS 17721 625 18 Charcoal Sandor et al. 2021 

Paniri Fields DAMS 17722 582 31 Charcoal Sandor et al. 2021 

Paniri Fields DAMS 17725 534 43 Charcoal Sandor et al. 2021 

Paniri Fields DAMS 17719 530 28 Charcoal Sandor et al. 2021 

Paniri Fields OS-114475 455 20 Charcoal Parcero-Oubiña et al. 2017 

Paniri Fields DAMS 17723 453 43 Charcoal Sandor et al. 2021 

Paniri Fields UGAMS 22945 360 20 Charcoal Sandor et al. 2021 

Paniri Fields OS-114482 350 20 Charcoal Parcero-Oubiña et al. 2017 

Paniri Fields Beta-451855 320 30 Charcoal Sandor et al. 2021 

Paniri Fields OS-114606 285 20 Charcoal Parcero-Oubiña et al. 2017 

Paniri Fields OS-114607 200 25 Charcoal Parcero-Oubiña et al. 2017 

Paniri Fields OS-114479 160 20 Charcoal Parcero-Oubiña et al. 2017 

 429 
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Table 5. Summary of Site Founding or Abandonment Estimates 430 

Site Phase Function 68% hpd range 95% hpd range 
Median 

Date 
Mean 
Date 

AB 22/39 
Consolidation 

mine 1438-1483 1371-1501 1449 1457 

AB 44 Start mine control post 1427-1487        1315-1508 1453 1442 
Topaín All 

*End* 
agricultural/residential 1434-1469 1423-1511 1454 1459 

Topaín 
Settlement 

*End* 
residential 

1390-1471 (52.6%) 

1342-1375 (15.7%) 
1327-1622 1426 1443 

Topaín Fields 
*End* 

agricultural 1435-1485 1424-1565 1463 1475 

Paniri Start agricultural/residential 1361-1402 1298-1407 1380 1367 

 431 

Agricultural/Residential Sites of Topaín and Paniri 432 

The sites of Topaín and Paniri are situated north of the Rio Salado where springs and pasturelands 433 

supported larger populations both before and during Inka rule. Both are characterized by preserved 434 

spring-irrigated agricultural field systems, approximately 35 hectares at Topaín and 25 hectares at Paniri. 435 

Each has an accompanying residential area, as well as huts and corrals interspersed throughout the field 436 

systems (Urbina 2010; Parcero-Oubiña et al. 2017). Topaín does not have a perimeter wall, but contains 437 

elevated hillside and hilltop sections and is thus sometimes termed a defensive settlement or pukara. 438 

Based upon architecture and pottery styles Topaín has mostly been associated with the LIP (Urbina 439 

2010; Ayán and García 2015) and Paniri with potential LIP, Inka, and colonial occupations, though the 440 

residential area is heavily disturbed at Paniri leaving the earliest components less clear (Parcero-Oubiña 441 

et al. 2017). Dates for both sites have been produced by recent research dating the agricultural features 442 

and to a lesser extent the residential areas (Parcero-Oubiña et al. 2017; Sandor et al. 2021; de Porras et 443 

al. 2021). 444 

Of interest in terms of Inka chronology is an apparent transition away from the LIP site of Topaín in favor 445 

of Paniri around the time of Inka rule (Parcero-Oubiña et al. 2017). Topaín currently has 18 14C 446 

measurements and Paniri 17, though three of Topaín’s dates come from bulk sediments that appear 447 

systematically flawed (Parcero-Oubiña et al. 2017, p. 106). A single-phase model of all Topaín dates was 448 

executed with the bulk sediment samples and two general outliers removed (OS-114473 and OS-449 

114608, 61% and 77%, respectively). The resulting date of abandonment is modeled between AD 1434-450 

1469 (68% hpd range) with a median date of 1454. Models separating dates by context suggest that the 451 

Topaín settlement was abandoned before the field system, though these models are low in resolution 452 

(Table 5). The Paniri assemblage contains no outliers and a phase model estimates a founding of AD 453 

1361-1402 (68% hpd) with a median date of 1380, though multiple intercepts in the calibration curve 454 

are skewing this range.  455 

In addition to calibration challenges, these sites are also conceptually difficult to date as the agricultural 456 

fields may have different chronological patterns across their spatial extent, and use of the fields could 457 

also differ from the residential settlements. Another avenue for examining occupational patterns is in 458 

terms of intensity of use as opposed to absolute founding or abandonment dates. Kernel density 459 
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estimation (KDE) models provide a mechanism for modeling this and also help reduce noise produced by 460 

the shape of the calibration curve (Bronk Ramsey 2017).  461 

KDE distributions (Figure 4) demonstrate that while Topaín sees initial activity much earlier, its most 462 

intense period of use ranges from the mid-14th to mid-15th centuries, with the last event directly 463 

measured in the 14C assemblage estimated between cal AD 1430-1450. As noted above, dates from the 464 

Topaín hilltop settlement skew earlier (de Porras et al. 2021, p. 10), with the youngest date from this 465 

context in the KDE ranging between AD 1388-1425 (71% hpd; DAMS 17718). Neither phase models nor 466 

KDE models currently supply the precision possible with some of the other sites discussed, but the 467 

patterning suggests that the settlement was depopulated early in the 15th century while the field system 468 

continued in use for some time longer, perhaps until around the middle of the 15th century. 469 

Prehistoric occupation of Paniri, on the other hand, shows no difference between the settlement and 470 

fields and can be considered a thoroughly 15th century phenomenon. The first dated event in the KDE 471 

model has a bimodal distribution with a median date of cal AD 1393, and examination of the oldest 472 

measurements suggest a coalescence of activity at or in the very early years of the 15th century. It 473 

should also be noted that the earliest measurement (DAMS 17721) comes from charcoal below a field 474 

clearance cairn and thus may predate agricultural use of that space. Use of the Paniri fields overall 475 

clearly peaked ca. AD 1450 according to the KDE distribution, but consistent activity was maintained 476 

through the 15th century and into the historic and modern eras. 477 

The 14C data clearly suggests a transition away from the local pre-existing site of Topaín to the emerging 478 

site of Paniri concomitant with Inka rule. De Porras et al. (2021) recently discussed potential 479 

explanations for this, including the Inka practice of strategically depopulating hilltop sites and relocating 480 

populations to suit imperial political and labor needs (Hyslop 1990, p. 151). The Paniri field system 481 

employs distinct agricultural technology from Topaín (Alliende et al. 1993; Parcero-Oubiña et al. 2017, p. 482 

103), and shows Yavi-Chicha surface pottery. Yavi-Chicha is a ceramic style originating in the Chicha 483 

border area between Bolivia and Argentina that saw notably wide distribution during the LIP and 484 

particularly the Inka Period. It is abundant at sites with a strong Inka influence in the Atacama (e.g., 485 

Adán and Uribe 2005), and speculatively may have become partially tied to imperial redistribution 486 

practices (Echenique et al. 2021, p. 211). For reasons such as these Paniri has been thought to have 487 

become a potential Inka state farm (e.g., Berenguer and Salazar 2017, p. 66), and models of site 488 

chronology generally support this idea even though pre-Inka agriculture within some portion of the site 489 

seems plausible. 490 

While the Topaín and Paniri contexts do not yet permit the establishment of as precise of chronologies 491 

as for the clear Inka-founded sites, comparison against the model for the onset of Inka rule of AD 1411-492 

1430 (68% hpd) does show some general patterns. First is that the depopulating of the Topaín hilltop 493 

settlement and increased activity at Paniri appears to have taken place early during the Inka reign, 494 

perhaps reflecting the prioritization of these political and economic projects by the Inka. The earliest 495 

dates at Paniri only slightly pre-date our earliest dates from clear Inka administrative sites and fall within 496 

the model’s 95% hpd range of cal AD 1401-1437, leaving it uncertain if the Inka founded or only greatly 497 

expanded a previous indigenous site. In either scenario activity increased substantially in the first half of 498 

the 15th century largely overlapping with the early era of Inka rule (Parcero-Oubiña et al. 2017; de Porras 499 

et al. 2021). Also, while an early 15th century abandonment of Topaín corresponds well with our model 500 

of Inka conquest and our knowledge of Inka political practices, the associated indigenous field systems 501 



Inka Upper Loa Chronology Final Submission 
 

16 
 

may have been allowed to remain in use for a few decades following Inka conquest and concurrently 502 

with the nearby state operation.  503 

SUMMARY OF CHRONOLOGICAL DATA 504 

In summary, the presented Bayesian models provide an absolute chronological framework for the start 505 

of Inka control of the Upper Loa, and detail some changes through time. The clearest results 506 

demonstrate the rapid installation of administrative bases in the Miño district and a significant mining 507 

camp in the El Abra area between AD 1411-1430 (68% hpd; median date 1420) or AD 1401-1437 (95% 508 

hpd range). Both Miño 1 and Miño 2 served as way stations along the Inka Road, but they were also 509 

centers where social aggregation and ritual festivities took place (Berenguer 2007), at least in part 510 

related to mining production in nearby areas such as Collahuasi (Salazar, Berenguer, et al. 2013). The 511 

timing of construction at the Miño area matches those from the El Abra mining district, specifically for 512 

campsite Inkawasi Abra, which was built to house miners working under Inka control. The construction 513 

of these sites is currently the best available proxy dataset for the onset of Inka rule and show that early 514 

Inka governance included mining projects in operation, various public spaces for ritual activities and 515 

social reproduction, and associated imperial infrastructure. Available 14C data show what seems to be a 516 

second wave of building towards the middle of the 15th century (Figure 4). Interestingly, this wave is 517 

evidenced by three sites that were probably functionally linked. This includes the largest mine in the El 518 

Abra district recorded at AB 22/39, as well as roadside stations at Incaguasi Loa LR-1 and AB 44, both of 519 

which connected the district to the Inka Road and the main Atacamenian settlements in the Upper Loa 520 

River Basin. 521 

Bayesian phase models and KDEs show differential trajectories for the agricultural enclaves of Topaín 522 

and Paniri during the Inka phase. While these contexts are more challenging to interpret than the 523 

spatially more finite sites or those with clear Inka planning, available dates suggest that the Topaín 524 

residential settlement was depopulated and Paniri had instead become a focal point of agricultural 525 

activity early on in Inka rule, perhaps by the second quarter of the 15th century based upon current data. 526 

Notably, however, the indigenous Topaín field systems appear to have continued in operation for some 527 

time after abandonment of the residential settlement, declining in activity through the mid-15th century.       528 

DISCUSSION 529 

Inka imperial chronology has long been a topic of uncertainty, stuck in limbo between an ethnohistoric 530 

chronology and conflicting 14C data that as of yet has been insufficient to constitute a cogent revision. 531 

Here, we employed Bayesian analysis of 14C dates from Inka-founded sites in order to build a more 532 

precise and reliable chronology of Inka conquest of the Upper Loa River region of Chile’s Atacama 533 

Desert. Our model is based on four sites with different functions and locations, built by the Inka as part 534 

of an economic reorganization and social domination program typical of imperial expansionism. Results 535 

from these sites show that Inka conquest is firmly demonstrated between AD 1401-1437 (95% hpd) with 536 

the highest probability between AD 1411-1430 (68% hpd) and a median date of AD 1420, which is more 537 

than 50 years earlier than the traditional chronology. Applying the Bayesian method here used also 538 

allows for sequencing other sites in relation to the era of Inka rule and examining diachronic patterns 539 

within the Inka period. Collectively, this demonstrates the viability of the methods employed for 540 

producing high-resolution absolute chronologies estimating initial Inka conquest and providing data 541 

points for reconstructing processes of imperial dominion on intra- and inter-regional scales. 542 
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The importance of establishing accurate and precise Inka chronologies is both historical and 543 

anthropological. As one of the most momentous events in South American – and indeed, world – 544 

history, Inka chronology is information that will illuminate the human past and is currently in need of 545 

archaeological research to improve. It will also allow us to ask more detailed questions of the 546 

archaeological record, including diachronic political processes of Inka conquest and governance, which 547 

are often necessarily analyzed as a flattened ‘Inka period’ in imperial provinces. As the Loa 548 

archaeological record comes into greater resolution in future research, we may have the opportunity to 549 

contextualize archaeologically observable activities – such as the construction of monuments, the 550 

founding of production enclaves, or the adoption or lack thereof of Inka material culture – within a 551 

framework of near decadal-scale changes in local political conditions.  552 

In the Loa River study area this allows us to shift our perception of the Inka archaeological record from 553 

the result of a short ~60-year occupation estimated by the traditional chronology, to that of perhaps 554 

more than a century and 5-6 generations of dynamic imperial-local interaction. It is therefore expected 555 

that with fine-grained chronological resolution the imperial expansion will be able to be understood as a 556 

process which developed through different stages, as has been previously suggested (e.g., Hyslop 1984), 557 

which will not necessarily be the same throughout the Andes. Our results corroborate the frequent 558 

assertion that Chile was conquered well before the traditional chronology’s estimate of  AD 1471, and 559 

accord fairly well with recent assessments that Inka construction in the Upper reaches of the Loa River 560 

took place in the opening decades of the 15th century (Berenguer 2007; Cornejo 2014; Uribe and 561 

Sánchez 2016; Salazar et al. 2022). On this latter point it merits noting that 17 years ago, and despite 562 

statistical limitations, the calibration of 14 radiocarbon dates (Oxcal 3.9, 95%) from nine sites along the 563 

Inca Road in the Upper Loa valley were shown to group between 1414 and 1444 (Berenguer 2007: 426-564 

427). 565 

On the interregional level, our model is not sufficiently precise to refine Bauer’s (1992) estimate for the 566 

beginning of the imperial era ca. AD 1400. The earliest date of our model’s 95% hpd range posits 567 

conquest of the Upper Loa area (~1,000 km from Cuzco) at the year AD 1401, which would render 568 

Bauer’s estimate highly unlikely. Empires, however, are known to rapidly conquer large territories and 569 

conquering even the distant Atacama province in the intervening years from AD 1401-1437 would not 570 

be implausible (Bauer and Covey 2002, p. 847). What is clearer is that our study region is likely to have 571 

founded administrative centers and reorganized mining activities prior to the construction of a military 572 

outpost in Ecuador associated with the advance of the Inka army in that region (Ogburn 2012; Marsh et 573 

al. 2017; see also  Ancapichún et al. 2022;  Ziółkowski et al. 2022). This would provide statistical backing 574 

to the notion that the narrative of the traditional chronology is amiss in both the absolute and relative 575 

timing of Inka conquests (Ogburn 2012, p. 236), a point that is corroborated by radiocarbon data from 576 

the Peruvian coastal center of Tambo Viejo (Valdez and Bettcher 2022a). The data published for Tambo 577 

Viejo – with one clear outlier discussed by the authors (Valdez and Bettcher 2022a, p. 20–23) removed 578 

from the sample – produces founding estimates overlapping with those for the Upper Loa River, and 579 

Machu Pichu also appears to have begun occupation near or shortly after our model’s median estimate 580 

of 1420 (Burger et al. 2021; see also Ziółkowski et al. 2022).       581 

Direct comparison with most other statistical analyses of Inka dates is challenging due to the rapidly 582 

changing quality of data and analytical methods, as well as the narrow focus of our analysis in dating 583 

clear indicators of Inka governance as opposed to presence of material culture influence. Our estimate is 584 

younger than most analyses in Chile and Argentina which suggest Inka presence into the 14th century 585 
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(Schiappacasse 1999; Cornejo 2014; Puerto and Marsh 2021; Swift et al. 2022), which may be due to 586 

differing combinations of these factors and our exclusion of sample types that in aggregate may be likely 587 

to expand the ranges of statistical estimates. The latter factor is clearly a consequence of the fact that 588 

refining Inka chronology in and of itself has rarely been a primary objective of field archaeological 589 

projects, and analyses are necessarily based upon datasets that are not ideally suited to such a purpose.  590 

It is also important to contextualize the interpretive limits of the current study. Provincial conquest and 591 

control was likely a multi-phase process (Hyslop 1984; Cornejo 1999; Berenguer 2007), and our refined 592 

chronology for the construction of Inka founded sites should postdate the first arrival of Inka armies 593 

and/or diplomats into the region. Additional 14C measurements could also alter a future model utilizing 594 

the same sample selection criteria. Most notable in this regard is that currently the best dated Inka sites 595 

are in the upper reaches of the Loa River, however the population during the time of Inka rule was more 596 

concentrated in the upper Rio Salado and Loa/Salado confluence areas. Data from Inka sites more 597 

closely associated with pre-existing local population centers could feasibly date earlier than the centers 598 

discussed here, however in the absence of direct evidence it is impossible to know if this would 599 

constitute a significantly earlier phase of occupation. Contexts such as Cerro Verde in the upper Salado 600 

tributaries (Adán and Uribe 2005), Inka infrastructure on the southernmost stretches of the Inka Road 601 

en route to Lasana (Berenguer et al. 2005) or further south to Copiapó (Niemeyer and Rivera 1983), as 602 

well as construction materials from Inka buildings at Turi (Aldunate 1993), among other examples, could 603 

help evaluate this possibility. 604 

In broader perspective additional analyses in any provincial region have the potential to aid in refining 605 

imperial chronology, and carefully selected samples can have a disproportionate impact in building 606 

models (Ogburn 2012). For example, just seven high resolution measurements from an Inka-founded 607 

site in Ecuador arguably provide a more reliable estimate for Inka conquest of that region than the 45 608 

generally lower resolution 14C and TL dates analyzed from less contextually clear locations throughout all 609 

of Mendoza (Marsh et al. 2017). In terms of establishing the timing of Inka conquest, it is more valuable 610 

to make additional measurements from Inka-founded sites clearly associated with conquest or 611 

governance than to make a much larger number of measurements distributed across other site types.  612 

The span of time under investigation is very narrow for 14C to effectively distinguish, and small sources 613 

of error can have a large impact in resulting chronologies. Including dates from continuously occupied 614 

LIP-Inka sites for models of Inka conquest in particular is often a dubious prospect that should require 615 

exceptional circumstances to justify, though these may nonetheless provide valuable information 616 

regarding the timing of the arrival of Inka material culture. Selecting short-lived plant species when 617 

possible further helps avoid old wood issues, and detailed plant and contextual information 618 

accompanying dates can help identify and avoid culturally specific practices creating unreliable 619 

measurements (Dee et al. 2012). 620 

CONCLUSION 621 

Researchers have noted contradictions between the ethnohistoric traditional chronology of the Inka 622 

Empire and radiometric data from Inka provinces for several decades (Bauer and Smit 2015), but refining 623 

this chronology has only occasionally been the focus of dedicated research. Absolute chronology 624 

building is a fundamental strength of archaeology, however, and applying this skill to the Inka Empire 625 

has clear potential to benefit our understanding of past Andean political processes. Moving forward, 626 
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honing methodologies will be essential in order to provide well-defined, precise, and durable 627 

radiometric estimates of Inka expansion.   628 

Most analyses to date have discussed some form of issues with available data or preferred criteria for 629 

additional samples. While the historic chronology appears to favor dates for Inka expansion that are too 630 

young, the majority of issues associated with radiometric dates will tend to skew estimates for Inka 631 

expansion toward dates that are too old. Focusing on generally high-resolution 14C data from Inka-632 

founded sites avoids most issues impacting chronologies, and Bayesian modeling of dates from these 633 

proveniences is a straightforward process that can produce high-precision estimates of Inka expansion 634 

(Ogburn 2012). Applying this approach to the Upper Loa River provided a modeled estimate of AD 1401-635 

1437 (68% hpd). Producing this model also facilitated improved contextualization of other site 636 

chronologies in the same region, and sequencing activities at a variety of sites in relation to the absolute 637 

timing of Inka rule estimated in the model is improving resolution of Inka period political processes in 638 

the area. 639 

Overall, Bayesian models of the Upper Loa River area provide a high-precision data point that can assist 640 

in revising the chronology of imperial expansion and investigating diachronic processes of imperial-local 641 

interaction within the subregion. Thus far, our results support the long-held notion that the Inka 642 

conquered southern areas significantly earlier than expected, however more chronological research is 643 

needed in order to unravel the implications of this regarding processes of imperial formation and 644 

expansion writ large.  645 
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